these nephropathies is important. GN with organized microtular) glomerulopathy are associated with distinct immunologic bular monoclonal deposits (GOMMID) probably accounts for features.
Conclusions. The identification of ultrastructural patterns in Fibrillary glomerulonephritis and immunotactoid (microtubu-
these nephropathies is important. GN with organized microtular) glomerulopathy are associated with distinct immunologic bular monoclonal deposits (GOMMID) probably accounts for features.
a large proportion of immunotactoid (microtubular) GN cases.
Background. The clinical relevance of distinguishing two types of glomerulonephritis (GN) with non-amyloid organized immunoglobulin (Ig) deposits-fibrillary GN (FGN) and immunotactoid (microtubular) GN (IT/MTGN)-on the basis of
Non-amyloid glomerulopathies with Congo red-negaultrastructural organization, is debated.
tive organized immunoglobulin (Ig) deposits display two
Methods. Twenty-three patients with organized glomerular characteristic patterns on electron microscopy (EM):
Ig deposits were classified into two groups based on the fibrillar or microtubular ultrastructural appearance of the deposits.
randomly arranged (pseudo-amyloid) fibrils, or microtuKidney biopsy samples were studied by immunofluorescence bules, which are usually larger and ordered in parallel microscopy, using anti-light chain conjugates (all cases) and arrays . It is currently unclear whether this moranti-IgG subclass conjugates (13 patients). In each group, we phological distinction is relevant. Certain investigators studied clinicopathological features, associated monoclonal consider this distinction to have no clinical or pathophysgammapathy (detected by immunoelectrophoresis and/or immunoblot) or B-cell lymphoproliferative disease, effects of cheiological basis; they suggest that fibrillar and microtubumotherapy and long-term renal outcome. lar Ig deposits should be considered simply as variants immunotactoid glomerulonephritis (GN) [3, 15, 18, 20] . and the mean diameters of the substructures were similar. In They also advocate limiting this diagnosis to patients with clonal IgG4 in glomerular deposits also has been reby EM on a scale from 0 to 4ϩ, and the external diameter was measured by two methods. Specimens were photoported in patients with FGN [12, 16, 23] , but not in those with microtubular deposits [3, 6, 14] . This controversy graphed at an original magnification of ϫ50,000 and were examined on prints at a magnification of approximately remains unresolved due to conflicting reports, with antilight chain antibody-based studies of biopsy specimens ϫ120,000. Fibrils and microtubules were measured using an integrated scale: substructures with well-defined outoften incomplete and the frequent exclusion of patients with dysproteinemias. Sensitive methods, such as immulines on transverse sections were reported on the integrated scale and the mean external diameter was obnoblotting, to screen for small amounts of monoclonal components, or to detect associated lymphoproliferative tained by dividing the length of the scale (in nm) by the number of substructures included in the scale. In 16 disorders, rarely have been employed [6, 14] , even by those considering paraproteinemia to be an exclusion cases, values were compared with those obtained directly for ultra-thin sections at a high magnification (ϫ20,000) criterion. Our current retrospective study recruited 23 patients with non-amyloid organized glomerular Ig deusing software (MEAS) run directly on the electron microscope (JEM-1010; JEOL, Tokyo, Japan); the mean posits, and classified them into two groups based on the fibrillar or microtubular appearance of the deposits. All diameters were 15.0 Ϯ 6.6 nm and 13.8 Ϯ 6.9 nm, respectively. We also measured plasma membranes, collagen kidney biopsy samples were studied by immunofluorescence (IF) microscopy, using anti-light chain conjugates.
fibers and amyloid fibrils as controls (Fig. 4 a to c) .
Results are expressed as the mean Ϯ SD of ten random In each group, we studied correlations between the ultrastructural pattern of glomerular deposits and clinical and measurements. Parallel arrays of microtubules were defined as at least four microtubules arranged in parallel, pathological features, associated monoclonal gammapathy or B-cell lymphoproliferative disease, the effects of in close proximity. In 13 patients, peripheral blood lymphocytes (PBL) were processed for EM; in patient 5, chemotherapy, and long-term renal outcome.
the kidney biopsy sample ( Fig. 4g ) and PBL were subjected to immunoEM, as previously described [6] .
METHODS Patients
Immunologic and virologic studies Levels of complement, antinuclear and anti-DNA anTwenty-three patients referred to 15 nephrology departments between 1980 and 1997 were included in this tibodies were determined by standard methods. Hepatitis B virus (HBV) and hepatitis C virus (HCV) infections study. Inclusion criteria based on light, electron (EM) and IF microscopy studies of renal biopsy samples were were detected by enzyme-linked immunosorbent assay (ELISA) and/or polymerase chain reaction (PCR). (1) extracellular glomerular Ig deposits; (2) negative for Congo-red staining; and (3) organization at the ultraSerum samples from all patients were collected and processed at 37ЊC and were repeatedly tested for cryoglostructural level, where pseudo-amyloid fibrillary deposits were classified as FGN, and microtubular deposits with bulins. Serum and urine monoclonal Ig were detected by conventional electrophoretic and immunoelectrophoa distinct hollow core, arranged at least focally in parallel arrays, were classified as immunotactoid (microtubular) retic (IEL) analysis. Immunoblotting was used to detect monoclonal Ig in 18 patients and to determine mono-GN (IT/MTGN).
Patients with connective tissue diseases, light chain clonal Ig subclasses, using subclass-specific mAbs, in five patients [28] . We also studied the surface and cytoplasdeposition disease (LCDD) or cryoglobulinemic glomerulonephritis were excluded. Chronic B-lymphocytic leumic Ig (SIg, 10 patients; cIg, 12 patients) of PBL and/or bone marrow lymphocytes by direct IF as previously kemia (CLL), small lymphocytic non-Hodgkin's lymphoma and monoclonal gammapathy of undetermined described [6] ; anti-IgG subclass antibodies were used in patients 2, 5, 7, 10 and 14. significance (MGUS) were diagnosed according to the usual criteria [25] [26] [27] .
Statistical analysis Pathological studies
The two groups of patients were compared using Fisher's exact test for qualitative data. Quantitative data were All kidney biopsy samples were processed for light, electron and IF microscopy, according to standard techexpressed as mean Ϯ SD and were compared using the Student t test or the Mann-Whitney test as appropriate. niques. They were examined simultaneously by two pathologists, independently and without knowledge of the clinical data. In 13 patients, subclasses of glomerular RESULTS IgG were determined using mouse monoclonal anti-␥1, Renal symptoms anti-␥2, anti-␥3 and anti-␥4 antibodies (mAbs) (NL 16, ZG 4, RJ 4; Unipath, Bedford, UK; and HP 6014; Fourteen Caucasian patients (4 women, 10 men) fulfilled the criteria for IT/MTGN and nine (4 women, 5 ing Site Ltd., Birmingham, UK). Deposits were graded Cases 1, 4, 5 and 2, 3, 7, 13 have been published elsewhere [6, 14] a Ͼ 200/100 mm Hg b With one or more episodes of macroscopic hematuria men) fulfilled those for FGN. At diagnosis, there was liferative GN (Fig. 2 a, b) . Global sclerosis of up to 50% of the glomeruli was seen in nine of 13 patients with IT/ no significant difference between IT/MTGN and FGN patients in age, serum creatinine level (S Cr ), incidence of MTGN and seven of nine patients with FGN. IT/MTGN patients 9 and 13 had mild extra-capillary proliferation. microscopic hematuria, hypertension, and renal failure (S Cr Ͼ1.2 mg/dL). Although proteinuria and the inciIn seven patients with IT/MTGN (cases 1-4, 8, 10, 13) , and three with FGN (cases 17, 18, 21), a few polymorphodence of nephrotic syndrome (NS) were higher in the IT/MTGN group, the difference was not significant (Tanuclear leukocytes were observed within capillary loops. Eight patients with IT/MTGN and five with FGN had ble 1). Three patients in the IT/MTGN group had macroscopic hematuria. Hypertension was moderate in all but mild-to-moderate interstitial fibrosis. Interstitial tumoral lymphocytic infiltration was observed in four IT/MTGN one case in each group.
patients with B-cell lymphoproliferative disease.
Renal pathology and immunohistochemistry
Diffuse, in some cases irregular, granular glomerular capillary wall staining with anti-␥ and anti-C3 conjugates Light microscopy patterns did not differ significantly between the two groups (Tables 2 and 3 ). Atypical memwas observed in all IT/MTGN patients, with segmental and focal staining of the mesangium in most cases (Fig. 1b) . branous GN lesions, associated with segmental mesangial matrix expansion and hypercellularity, were observed Seven patients had C1q deposits. In patient 8, glomerular hyaline thrombi were stained with anti-conjugate, and in ten IT/MTGN and four FGN patients (Fig. 1a) . In IT/ MTGN patients 8 and 9, deposits formed eosinophilic a similar staining pattern was observed for glomerular basement membranes (GBM) with anti-and anti-␥ hyaline pseudo-thrombi. In patient 8, whose serum contained a monoclonal IgM, a few hyaline (amorphous) conjugates. In FGN patients, deposits were mostly mesangial, associated with diffuse, predominantly sub-epiglomerular thrombi were present together with pseudothrombi (showing microtubular organization on EM). thelial binding to the GBM. The deposits were stained with anti-␥ and anti-C3 conjugates, and also with antiFour patients with IT/MTGN and one with FGN had membranoproliferative GN with a lobular pattern in conjugate in two patients and with anti-␣ conjugate in two further cases. C1q deposits were present in the four three cases. Four patients with FGN had mesangial pro-FGN cases studied. The subclasses of IgG deposits were determined in ten IT/MTGN patients: ␥1 in five cases, ␥2 in three and ␥3 in two, with no staining with other anti-IgG subclass reagents (Fig. 1b) . In FGN patients, IgG subclasses were determined in three cases: deposits stained for ␥4 in patients 18, 19 (Fig. 2c ) and for both ␥4 and ␥1 in patient 15. In all IT/MTGN patients except patient 1, glomerular light chain deposits were monotypic ( in 7 and in 6 cases). In contrast, deposits were stained with both anti-and anti-conjugates in all patients with FGN, except for patient 21, in whom only determinants were detected. The difference in incidence of monotypic deposits between the two groups was highly significant (P Ͻ 0.001).
On EM, all the cases of IT/MTGN showed extracellular microtubules arranged in densely packed arrays, with well defined borders. In case 12, microtubular organization was focal. Microtubules had a central lumen in all cases (Figs. 1 c, d and 5) . The external diameter ranged from 9 to 45 nm (mean 15.2 Ϯ 7.3 nm; Figs. 4 e and h and 5). Microtubules were located predominantly in the subepithelial space and mesangium. They were also found on tubular basement membranes in case 2. Microtubules from patient 9 displayed a 37.9 ϩ 5.6 nm external diameter and 70 Å cross-striation (Fig. 4h) . In patient 5 (with glomerular IgG1 deposits), microtubules reacted with anti-␥ and anti-peroxidase conjugates using immunoEM ( Fig. 4g) . In FGN patients, deposits with poorly defined borders, were organized into unbranched, randomly oriented extracellular fibrils of 7 to 26 nm in diameter (mean 15.8 Ϯ 3.5), with no central lumen (Fig. 4d ). Fibrils were predominantly mesangial and subepithelial. In some cases, fibrils extended through the lamina densa of the GBM (Fig. 2d ). Organized deposits were not detected within intravascular spaces.
Immunologic, virologic and hematologic findings
Antinuclear antibodies were present at low titers (Յ1/ 100) in three of 12 patients with IT/MTGN and three of nine patients with FGN. None of the patients had anti-DNA antibodies. Rheumatoid factor was detected at a low titer (1:20) in patient 13. CH50 levels were moderately low in IT/MTGN cases 1, 2, 4 to 6 and in FGN patient 18. C3 and C4 levels were low in patient 1 and patient 4 had low C1q and C2 levels but normal C3 and C4 levels. There was no significant difference in the incidence of complement abnormalities between IT/ MTGN and FGN patients (P ϭ 0.34). Type I cryoglobulin (IgG ) was detected transiently (1 of three samples studied), in small amounts, only in patient 4.
Of the five IT/MTGN and five FGN patients tested for HBV, only patient 1 had HBs antigen and anti-Hbe antibodies. Patient 15 had anti-HBs and anti-HBc anti- antibodies nor HCV RNA were detected in any of the and CD19. In patients 1, 3, 5, and 10, hematological disease had been diagnosed six, two, six and three years patients studied (IT/MTGN, 5 cases; FGN, 3 cases).
In IT/MTGN patients 1 through 6, the CLL diagnosis before renal presentation, respectively. In five IT/MTGN patients, a serum monoclonal Ig was was based on the association of bone marrow infiltration by mature lymphocytes (Ͼ30%), high blood lymphocyte detectable by IEL analysis. Western blots, performed in 11 cases, gave a strong signal for the monoclonal Ig counts (Ͼ5 ϫ 10 9 /L), and lymphadenopathies in five cases (Table 4 ). Patient 7 was diagnosed with small detected by IEL analysis and for IgG in patient 12. These monoclonal Ig were identical to those found in lymphocytic non-Hodgkin's lymphoma, but this diagnosis could not be unequivocally confirmed due to the abthe glomerular deposits of patients 4, 9, 10 and 12. In the remaining patients, immunoblot results were negasence of immunophenotypic and cytogenetic studies. In cases 2, 3 and 7, blood lymphocytes co-expressed CD5 tive (case 14), or showed non-significant amounts of mul- tiple monoclonal Ig (cases 3, 6, 11), or small amounts of MTGN patients 13 and 14 (Table 4) . Monotypic B lymphocyte populations were identified based on SIg expresa single monoclonal Ig (cases 2, 7, 13) of the same isotype as the glomerular deposits (patient 2; Table 4 ). In three sion in the five CLL patients studied (patients 1 to 5). We analyzed cIg in lymphocytes and detected intracypatients, small amounts of a -type Bence-Jones protein were found. In none of the FGN patients was serum toplasmic crystal-like Ig inclusions in three CLL patients (cases 2, 3 and 5) and in the lymphoma patient (case 7, monoclonal Ig or urinary Bence-Jones protein detectable by IEL analysis. Non-significant amounts of multiin whom no SIg was detectable) (Fig. 3a) . The isotypes of the Ig inclusions matched those of the glomerular ple monoclonal Ig were found in six of seven patients whose serum was studied by immunoblotting; no monoIg deposits (a minor population of lymphocytes with inclusions of a different IgG subclass also was detected clonal Ig was detected in the seventh case.
Surface Ig and cIg isotypes were normally distributed in patient 7). Lymphocyte inclusions displayed a microtubular organization identical to that of glomerular IgG in the blood and/or bone marrow lymphocytes of IT/ Fig.4 ). IgG1 deposits organized in microtubules with a hollow core, 11.3 Ϯ 1.3 nm in external diameter (range 8.8 to 12.9 nm) in glomeruli (final magnification ϫ110,000) and ( f ) within cisternae of rough endoplasmic reticulum in blood lymphocytes (mean diameter 10.7 Ϯ 1.7 nm, range 8.2 to 12.9 nm; final magnification ϫ110,000). (g) IT/MTGN (patient 5). The same glomerular subepithelial microtubules stained with antiperoxidase conjugate (final magnification ϫ16,000). Deposits did not stain with anti-conjugate. (h) IT/MTGN (patient 9). Highly organized glomerular microtubules 37.9 Ϯ 5.6 nm in external diameter (range 30.2 to 44.8 nm) showing a small hollow core 4 to 5 nm in diameter and a thick wall on transverse sections. Cross-striation with a periodicity of 70 Å is also observed on longitudinal sections (final magnification ϫ110,000).
deposits (Figs. 3 c, d and 4f) . In patient 5, immunoEM tal leukemic infiltration, with no amyloidosis or dense deposits in Disse's spaces (IF study not performed). Paconfirmed that the intracytoplasmic lymphocyte microtubules consisted of a monotypic IgG, as did the glomerutient 10 presented with severe mononeuritis multiplex of the lower limbs. Peripheral nerve biopsy showed areas lar microtubules (Fig. 4g) . Similar intracytoplasmic inclusions, with the same IF and ultrastructural features, were of demyelination and hyperplasia of Schwann's cells with perineurial Congo red-negative IgG deposits. These deobserved in lymphocytes infiltrating the renal interstitium in patients 2 and 7 ( Table 2 and Fig. 3b ). In patient posits displayed a similar ultrastructural microtubular organization to the glomerular IgG2 deposits (the IgG 10, a small percentage of bone marrow plasma cells stained for the same IgG2 as detected in glomerular subclass of the nerve deposits was not determined). None of the patients had acrosyndrome, polyarthralgia or deposits (Table 4) .
Bone marrow examination yielded normal results in other symptoms of cryoglobulinemia. seven FGN patients. None of the patients had lymphoTreatment and outcome cyte intracytoplasmic monotypic Ig inclusions, evaluated by direct IF in three cases and EM in two cases. SIg isoIn patients with IT/MTGN, the first-line treatment was corticosteroids alone (2 cases) or associated with types were normally distributed in blood lymphocytes in the one case studied, as were cIg in bone marrow cyclophosphamide or melphalan (2 cases), with cyclophosphamide and vincristine or doxorubicin (2 cases), plasma cells in another patient. None of the patients with FGN developed malignant hematological disease during with chlorambucil (6 cases), or chlorambucil alone (1 case). Complete (proteinuria Ͻ1 g/day, 5 cases) or partial (profollow-up.
teinuria Ͻ3 g/day, 5 cases) remission was achieved in 10 Other manifestations of the 12 nephrotic patients. In five of seven patients with B-cell lymphoproliferative disease, blood lymphoPatient 6 had dermal capillaritis of the lower limbs, with fibrin thrombi and granular deposits of fibrin and cyte counts decreased, accompanied by a sharp decrease in the number of circulating lymphocytes containing miC1q (but no IgG) on the blood vessel walls. In patient 4, who had portal hypertension, liver biopsy revealed difcrotubular inclusions (but not their total disappearance) and NS remission. In patients 2 and 5, NS remission was fuse regenerative nodular hyperplasia associated with por- observed despite persistent lymphocytosis. After treatment withdrawal, NS relapsed in six patients, accompanied by hematological relapse in cases 3, 4, 6 and 7. Hematological and renal parameters improved following the resumption or intensification (cases 3, 6, 7) of chemotherapy. In two cases, NS persisted despite treatment with corticosteroids (patient 13), or corticosteroids with melphalan, followed by cyclophosphamide and then by carmustine with doxorubicin, over a nine-year period (patient 9).
Repeat kidney biopsies were performed in four patients. In patient 9, glomerular lesions were unchanged after two years of treatment, but interstitial fibrosis increased. In three patients, NS remission was accompanied by the reduction (patient 2) or disappearance (patients 3 and 7) of glomerular IgG deposits and interstitial tumoral lymphocyte infiltrates. However, interstitial sclerosis progressed in all cases. A third biopsy, performed after the second relapse of NS in patients 3 and 7, showed the recurrence of interstitial lymphocyte infiltration and of glomerular microtubular IgG1 deposits. Finally, in for deposited microtubules and fibrils [10, 13, 19] . Our results suggest that the smaller mean size of microtubules achieved by high-dose chemotherapy followed by stem cell support. Remarkably, six years after diagnosis of IT/ reported here is related to the high prevalence of monoclonal Ig deposits, and that these immunopathologic fea-MTGN with IgG monoclonal gammapathy, patient 9 developed purpura, peri-orbital hematomas and heart tures may characterize an entity different from FGN and "classical" immunotactoid GN. As electron-lucent cores failure, resulting in death after eight years of hemodialysis. He had received multiple chemotherapy regimens (see may be difficult to detect in microtubules for technical reasons, and also, according to some authors, may be above). Post-mortem biopsies revealed diffuse pulmonary, myocardial, hepatic, splenic and cutaneous Congo observed in some glomerular non-amyloid fibrils at very high magnifications (usually above ϫ100,000) [3, 10] , red-positive light chain deposits. Two patients with FGN showed no improvement of proteinuria and renal the distinction between fibrils and microtubules requires meticulous morphologic analysis on high-quality ultrafunction under treatment (corticosteroids alone in case 23, or with cyclophosphamide in case 16). After a mean thin sections. In our current study, microtubular deposits differed from fibrils by three key features on EM: (1) follow-up period of 54 months for the IT/MTGN group and 56 months for the FGN group (P ϭ 0.95), patient their arrangement, at least focally, in parallel arrays; (2) the presence of a distinct hollow core seen at original survival (71.4 vs. 88.8%, respectively) was found to be similar for the two groups (P ϭ 0.62). Although the magnifications of less than ϫ50,000; and (3) the welldefined borders of deposits. Glomerular microtubules 8 incidence of chronic renal failure (S Cr Ͼ1.2 mg/dL in 8 of 14 IT/MTGN, 57.1%, vs. in 8 of 9 with FGN, 88.8%; to 10 nm in diameter have been reported before in patients with monoclonal (type I) cryoglobulinemia and P ϭ 0.18) and terminal renal insufficiency requiring dialysis (2 of 14 with IT/MTGN, 14.3%, vs. 4 of 9 with FGN, GN [30, 31] . As some features of immunotactoid GN overlap those of cryoglobulinemic nephropathies, it has 55.8%; P ϭ 0.06) tended to be lower in the IT/MTGN group, the difference was not significant. been suggested that the organized deposits in immunotactoid GN, and also in FGN, may be due to cryoglobulins [2, 10, 17, 32] . We did not observe lesions typical of DISCUSSION cryoglobulinic nephropathy, macrophagic infiltrates and In this study, 23 patients with Congo red-negative gloorganized microtubular osmiophilic material in capillary merular Ig deposits were divided into two groups aclumens, or crystal inclusions within endothelial cells and cording to the ultrastructural organization of these demacrophages [14] . The location of monoclonal Ig deposposits: randomly oriented fibrils, or parallel arrays of its in immunotactoid GN also is different from that in microtubules with a distinct hollow core. The subclassicryoglobulinemic kidney [14] , with a higher frequency fication of immunotactoid (microtubular) GN and FGN of subepithelial and intra-membranous deposits. None is based principally on measurement of the diameter of of our patients had cutaneous or articular symptoms, these substructures: microtubules have a mean external which commonly are observed in type I cryoglobulinemia diameter of more than 30 nm whereas fibrils, as reported [33] . None of the patients showed evidence of hepatitis here, are usually about 20 nm in diameter [2, 7, 8, 11-13, C viral infection, which is sometimes associated with 17, 19, 20, 22] . In contrast to the results of other groups, FGN or immunotactoid GN [16, 17] . we found that with the exception of one patient who As in previous studies [13, 15] , the ultrastructural orgamet the usual criteria for immunotactoid GN, the mean nization of glomerular lesions could not be predicted diameter of the substructures did not differ with their from clinical findings. Light microscopy patterns, consisultrastructural fibrillar or microtubular appearance. It tent with the location of the deposits by EM, also lacked should be stressed that microtubules with diameters comspecificity [7, 13, 20] . prised between 16 nm and 22 nm have been described Our study demonstrates the need for thorough immubefore [3, 7, 13, 21, 24, 29] , particularly in patients with nohistochemical investigations in cases of GN with orgamonoclonal Ig deposits [3, 7, 21, 24] ; they have in some nized Ig deposits. Indeed, the incidence of polyclonal cases been referred to as fibrillary [24] , or fibrillaryglomerular IgG deposits in our patients with FGN was immunotactoid GN, despite the typical ultrastructural similar to that previously reported [2, 4, 7, 9, 11, 12, 17 , appearance and arrangement of microtubules [21], or as 19, 20] . In contrast, IgG deposits were monotypic in all immunotactoid GN [3, 13, 29] . Thus, size alone, at least but one patient with IT/MTGN, and were clearly monoin some cases, is an insufficient criterion for the diagnosis clonal in 10 cases. Our results provide further evidence of the different types of GN with organized Ig deposits of a high prevalence of monoclonal IgG deposits in im- [19, 21] . It has been suggested that differences in the munotactoid GN, from about 20% [7, 13, 18, 20] to 100% methodologies used to measure substructure diameter, [reviewed in 10, 14] . This variability probably results or in the physicochemical characteristics of Ig, may acfrom a lack of information on the clonality of the deposits in many reports [10] . The identification of glomerular count for the overlap in the reported diameter ranges IgG subclasses, although incomplete, was consistent with mic reticulum cisternae and may correspond to early steps in Ig secretion by activated lymphocytes [38] . Lymprevious results [12, 16, 23] . IgG4 predominated in three patients with fibrillar deposits for which IgG subclasses phocyte intracytoplasmic monotypic IgG in four IT/ MTGN patients and perineurial monotypic IgG deposits were determined, whereas IgG4 was not found in ten patients with microtubular deposits, as reported in one in one case were organized into microtubular inclusions with the same ultrastructural pattern and size as glomerprevious case [3] . The presence of polyclonal IgG4 suggests an autoimmune process in FGN and prolonged ular deposits. Thus, microtubular organization may be an intrinsic property of the monoclonal IgG. Furtherantigen stimulation may lead to the formation of nephritogenic immune complexes with a fibrillary organizamore, the concomitant decrease in the number of circulating lymphocytes containing monotypic Ig inclusions, tion due to the compactness and rigidity of IgG4 [19] . Deposits were not strictly monoclonal in IT/MTGN pawith NS remission induced by chemotherapy, is consistent with a relationship between the rate of formation tients in whom serum monoclonal IgM was detected. In case 8, monoclonal IgG microtubular deposits were of microtubular glomerular deposits and the number of leukemic lymphocytes producing the nephrotoxic Ig. present, along with non-organized IgM glomerular hyaline thrombi, which are commonly observed in WaldenSuch lymphocyte inclusions have not been described in cases of FGN. Monoclonal Ig tend to aggregate or to strö m's macroglobulinemia [34] . The staining pattern for patient 1 may reflect an anti-IgG activity of the monocrystallize due to autoreactivity [39, 40] or structural abnormalities [41, 42] . The primary structure of the variclonal IgM, a common property of serum and CLL lymphocyte membrane-bound monoclonal IgM [35] , or the able region is involved in renal lesions due to monoclonal light chains [36, 41, 43, 44] , but also in those secondary secondary deposition of polyclonal Ig. Such deposition was recently suggested in two patients with hepatitis C to entire monoclonal Ig. In a murine model of cryocrystalglobulinemia, induced by injection of a hybridoma and immunotactoid GN with IgG deposits showing no significant monotypic light chain predominance [17] .
clone producing a monoclonal IgG3, the deletion of three amino acids in the first hypervariable region of the The prevalence of paraproteinemia and lymphoproliferative disorders in patients with immunotactoid GN light chain inhibited the formation of highly organized crystalline microtubular mesangial and subendothelial is probably underestimated, as the available information concerning IEL analysis of serum and/or urine is limited deposits, which were replaced by amorphous precipitates in glomerular capillary lumens, similar to those in human [10] . Moreover, monoclonal gammapathies and B-cell lymphomas were considered to be exclusion criteria in hyperviscosity syndrome [45] . In patient 9, immunotactoid (microtubular) GN with IgG deposits was followed some previous large series. Sensitive techniques should be systematically used to determine the relationship beby systemic AL amyloidosis. The simultaneous occurrence of glomerular organized fibrillary monoclonal IgM tween FGN/immunotactoid GN and paraproteinemia. Our results confirm that (a) immunoblotting may detect deposits and of amyloid deposits has been reported before [46] . Amyloidosis in our patient may have resulted paraproteinemia not detected by IEL alone; (b) immunotactoid (microtubular) GN with monoclonal Ig deposfrom the emergence of a variant clone, as chemotherapy is known to induce mutations in Ig genes [47] . its may occur with no detectable monoclonal serum or urine component; and (c) if present, the monoclonal
In conclusion, we believe that the distinction between FGN and immunotactoid (microtubular) GN is of cliniserum component may be not responsible for the organized glomerular Ig deposits. These features resemble cal importance. FGN and immunotactoid GN generally respond poorly to corticosteroids and cytotoxic drugs, those of other monoclonal Ig deposition diseases, such as AL-amyloidosis and LCDD [36, 37] . Studies of Ig at with an incidence of ESRD of 50% [3, 12, 13, 18, 20] .
However, our results demonstrate that aggressive treatthe cell level seem to be essential in immunotactoid GN as, in two patients with no significant serum paraproteinment may lead to NS remission in many patients with the microtubular pattern. This may have a favorable inemia, we identified a monotypic population of circulating lymphocytes expressing a monoclonal Ig identical fluence on the long-term renal prognosis of these patients, as suggested in a previous study [13] . We have to that of the glomerular microtubular deposits. This led to a diagnosis of latent B-cell lymphoma in patient 7, coined the term "GOMMID" (for glomerulonephritis with organized microtubular monoclonal immunoglobuwho had normal blood lymphocyte counts. In patients with lymphoproliferative disease, the detection of lymlin deposits) for cases of immunotactoid GN with monotypic IgG deposits [14, 48] . GOMMID with a microtuphocyte crystal-like inclusions containing monoclonal Ig with, in most cases, the same subclass and light chain bule diameter around 15 nm, which is probably an important component of immunotactoid GN, is associtype as those of glomerular deposits, may shed light on the pathogenetic mechanisms of immunotactoid GN. ated with overt or latent lymphoproliferative disease and may be improved by chemotherapy or autologous blood Crystal-like inclusions of similar appearance are rarely described in CLL. They are contained in rough endoplasstem cell transplantation.
